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(g) A reflection type liquid crystal apparatus. 

@ A reflection type liquid crystal apparatus comprising a liquid crystal panel (26) composed of a pair of 
first and second opposed plates (30, 32) for accommodating a liquid crystal (34) therebetween. A 
reflecting layer (28) is provided in the inner surface of the second plate, and the first plate is transparent. 
A common electrode (38) is provided in the first plate, and picture electrodes (38) are located in the 
second plate. A beam splitter (24) is located in front of the liquid crystal panel (26) for supplying 
polarized light to the first plate and for selectively transmitting polarized. light emerging from the liquid 
crystal panel (24). The liquid crystal (34) comprises a nematic liquid crystal material having a positive 
birefringence and arranged in a homogeneous orientation with a constant director (n). This arrange- 
ment being such that incident polarized light is propagated in the liquid crystal in a double refraction 
mode with a first birefringence value and the emerging polarized light thereof is substantially 
transmitted by the second polarizer means (24) when a voltage is not applied to the liquid crystal ; and 
Incident polarized light is propagated in the liquid crystal in a double refraction mode with a second 
birefringence value smaller than the first birefringence value and the -emerging polarized light thereof is 
not substantially transmitted by the second polarizer means (24) when a voltage is applied to the liquid 
crystal. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a reflection type 
liquid crystal apparatus using a twistless nematic 
liquid crystal. 

2. Description of the Related Arts 

Liquid crystal apparatuses are now used in a var- 
iety of displays, as liqu id crystal displays can be made 
smaller in size and weight compared with CRT dis- 
plays. Also, liquid crystal displays give a high degree 
of freedom of installation, and are easily adapted to a 
big screen system; in particular, a liquid crystal dis- 
play is expected to be successful when applied to a 
high-definition television. 

From the viewpoint of a propagation of light in the 
liquid crystal, two types of liquid crystal apparatuses 
are employed, i.e., a transmission type and a reflec- 
tion type. In an application of the liquid crystal 
apparatus, for example, to a high-definition television, 
there is a need to increase the number of pictures 
(pixels), and thus an area of each of the pictures must 
* become smaller due to the increase of the number of 
pictures. Also, when an active matrix driver including 
switching transistors Is used for driving the liquid crys- 
tal, a ratio of an area of each switching transistor (for 
example, an FET) to an area of each picture becomes 
large (with the reduction of an area of each picture). 
Also, the characteristic property of FETs is changed 
if light is made incident thereon, and thus preferably 
the liquid crystal apparatus is arranged so that light is 
not incident on the FETs, i.e.. it becomes necessary 
to block any incidence of light on the FETs. and 
accordingly, an aperture ratio of the transmission type 
liquid crystal apparatus must be reduced. In the case 
of the reflection type liquid crystal apparatus having a 
reflection layer, FETs can be arranged behind the ref- 
lection layers, and thus it is possible to provide a large 
aperture ratio. In this regard, it can be said that reflec- 
tion type liquid crystal apparatus may be adapted to 
displays having a large size and a high resolution. 

Conventionally, the reflection type liquid crystal 
apparatus used for displays employ a twisted nematic 
liquid crystal having a positive birefringence; such a 
conventional reflection type liquid crystal apparatus is 
shown in Fig. 18 of the attached drawings. As shown 
in Fig. 18, the reflection type liquid crystal apparatus 
comprises a beam splitter 1, a twisted nematic liquid 
crystal 2 accommodated between opposed plates 3a 
and 3b, a reflecting layer 3 provided in the rear plate 
3b, and a projection lens 4 for projecting an image of 
light produced by this reflection type liquid crystal 
apparatus onto a screen (not shown) beyond the pro- 
jection lens 4. The twisted nematic liquid crystal 2 con- 
sists of liquid crystal molecules having major axes 



xtending in parallel to th plates 3a and 3b, and the 
ax s are ori nted rotatingly (twistingly) along the 
thickness of the liquid crystal from a position nearer 
to one of the plates 3a and 3b than to the oth r plates. 

5 The beam splitter 1 splits light from a source (not 

shown) into a polarized light S and a polarized light P. 
Namely, the polarized light S having a plane of vib- 
ration in parallel to an incident plane to the beam split- 
ter 1 is reflected by the beam splitter 1, and the 

10 polarized light P having a plane of vibration normal to 
the incident plane is transmitted by the beam splitter 
1. Therefore, only the polarized light S is incident on 
the liquid crystal 2, reflected by the reflecting layer 3, 
and emitted from the liquid crystal 2. The plane of vib- 

15 ration of the polarized light rotates in accordance with 
one of several predetermined modes, while the 
polarized light propagates the liquid crystal 2, so that 
In one circumstance, the emerging polarized light has 
the same plane of vibration as that of the incident 

20 polarized light S, and in another circumstance, the 
emerging polarized light has a different plane of vib- 
ration from that of the incident polarized light S. When 
the emerging polarized light has the same plane of 
vibration as that of the incident polarized light S, it is 

25 again reflected by the beam splitter 1 and does not 
reach the projection lens 4, and thus a black spot is 
produced on the screen located beyond the projection 
lens 4. When the emerging polarized light P has a dif- 
ferent plane of vibration from that of the incident 

30 polarized light S it is transmitted by the beam splitter 
1 and reaches the projection lens 4, and thus a white 
spot is produced on the screen. 

In this conventional reflection type liquid crystal 
apparatus, the arrangement is such that, when a volt- 

35 age is not applied to the liquid crystal 2, the emerging 
polarized light has the same plane of vibration as that 
of the incident polarized light S, and thus does not 
reach the projection lens 4 to thereby form a black 
spot on the screen. This is based on the fundamental 

40 nature of the twisted nematic liquid crystal, known as 
an optical activity. Namely, the polarized light S inci- 
dent on the liquid crystal 2 Is propagated in the latter 
with its plane of vibration rotated in conformity with the 
twist of the major axes of the molecules of the liquid 

45 crystal 2 (optical activity mode), is reflected by the ref- 
lecting layer 3, and is returned with its plane of vib- 
ration rotated in reverse to emerge from the liquid 
crystal 2. Accordingly, the emerging polarized light 
has the same plane of vibration as that of the incident 

50 polarized light S since the planes of vibration in the 
forward and return propagations are rotated by the 
same amount in the opposite directions. Thus this 
emerging polarized light is reflected by the beam split- 
ter 1 and is not transmitted to the projection lens 4, to 

55 thus cause a black spot on the screen. In this liquid 
crystal apparatus in which the propagation of the light 
is carried out in the optical activity mode, the arrange- 
ment is such that the plane of the vibration of the inci- 
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dent polarized light S coincides with the orientation of 
the axes (director) of the molecules of the liquid crys- 
tal 2 located near the front plate 3a, and accordingly, 
the Incident polarized light S is not affected by a dou- 
ble refraction of the liquid crystal 2. 5 

Then, when the voltage is applied to the liquid 
crystal 2, the molecules of the liquid crystal 2 tilt up 
relative to the plates 3a and 3b. If the molecules of the 
liquid crystal 2 are fully raised, however, the incident 
polarized light S is propagated along the major axes 10 
of the molecules of the liquid crystal 2 and either the 
optical activity or the double refraction does not occur, 
and thus the plane of vibration does not substantially 
vary, with the result that the emerging polarized light 
is the same as the incident polarized light S. This is 
emerging polarized light S will be reflected by the 
beam splitter 1, the black spot maintained on the 
screen, and the light image not produced. 

To produce the light image, the plane of vibration 
of the emerging polarized light must be changed from 20 
the plane of vibration of the incident polarized light S. 
To this end, it is necessary to regulate the applied volt- 
age so that the molecules of the liquid crystal 2 are 
partially raised. In this state, a portion of the 
molecules of the liquid crystal 2 which are located 25 
near the plates 3a and 3b tends to maintain its original 
position extending in parallel to the plates 3a and 3b, 
and portions of the molecules of the liquid crystal 2 
which are located inside of the plates 3a and 3b are 
gradually raised in accordance with their locations 30 
along the thickness of the liquid crystal 2. As a result, 
the propagation of the incident polarized light S in the 
liquid crystal 2 is not carried out in the optical activity 
mode but in the double refraction mode. In the double 
refraction mode, there is a difference in the velocity of 35 
ordinary tight and that of extraordinary light, and the 
resultant polarized light rotates. As a result, the 
emerging polarized light has a different plane of vib- 
ration from that of the incident polarized light, and thus 
can be transmitted by the beam splitter 1 to thereby 40 
cause a white spot on the screen. 

This conventional reflection type liquid crystal 
apparatus suffers from a problem in that the design of 
the liquid crystal panel is difficult because, in order to 
make a white (or a colored spot) spot on the screen, 45 
it is necessary to change the propagation of the liquid 
crystal 2 from the optical activity mode to the double 
refraction mode by applying a voltage to the liquid 
crystal 2, and in this double refraction mode, the 
polarized light must be propagated in the double ref- so 
raction mode in the liquid crystal 2 which still main- 
tains a twist structure. In addition, it Is necessary but 
difficult to determine an optimum voltage to be applied 
to the liquid crystal 2 because, as described above, 
the double refraction does not occur if the molecules 55 
of the liquid crystal 2 are fully raised, and the voltage 
must be controlled so that the molecules of the liquid 
crystal 2 are partially raised so that the emerging 
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polarized light has a particular plane of vibration dif- 
ferent from that of the incident polarized light S. Also, 
even if an optimum voltage Is detemiined, th state of 
the liquid crystal 2 itself is apt to fluctuat . Accord- 
ingly, a problem arises in that a contrast of the image 
is unstable. Also, it is necessary to consider an influ- 
ence of the wavelength of the source of light. If the 
source has a wide band width wavelength, the plane 
of vibration of the obtainable polarized light varies in 
accordance with a wavelength of the source, leading 
to a variation of the brightness. Therefore, it is neces- 
sary to take measures in this regard, and when using 
the reflection type liquid crystal apparatus with the 
twist nematic liquid crystal, it may be necessary to 
adopt a complex arrangement, for example, by provi- 
ding an additional compensating liquid crystal panel 
having an opposite twistjng characteristic in addition 
to a main liquid crystal panel having a particular twist- 
ing characteristic. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide 
a reflection type liquid crystal apparatus which can 
provide an image with a clear contrast and has a rela- 
tively simple construction. 

According to the present invention, there Is pro- 
vided a reflection type liquid crystal apparatus com- 
prising: a liquid crystal panel comprising a pair of first 
and second opposed plates for accommodating a 
liquid crystal therebetween and having outer and 
inner surfaces, respectively, electrode means 
anranged In each of the first and second opposed 
plates for applying a voltage to the liquid crystal, and 
a reflecting layer provided in the inner surface of the 
second plate, the first plate being transparent; a first 
polarizer means for supplying polarized light to the 
outer surface of the first plate; and a second polarizer 
means for selectively transmitting polarized light 
emerging from the liquid crystal panel, which is ini- 
tially Incident on the liquid crystal panel and reflected 
by the reflecting layer; characterized in that a liquid 
crystal In the liquid crystal panel is composed of a 
nematic liquid crystal material having a positive biref- 
ringence and anranged in a homogeneous orientation 
with a constant director, and the first polarizer means 
is arranged such that polarized light incident on the 
liquid crystal panel has a plane of vibration forming a 
predetermined angle relative to the director of the 
liquid crystal in the liquid crystal panel; wherein inci- 
dent polarized light is propagated In the liquid crystal 
in a double refraction mode with a first birefringence 
value and the emerging polarized light substantially 
transmitted by the second polarizer means when a 
voltage is not applied to the liquid crystal; and incident 
polarized light propagated in the liquid crystal in a 
double r fraction mode with a s cond bir fringence 
value smaller than the first birefringence value and the 
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emerging polarized light is not substantially transmit- 
t d by the second polarizer means when a voltage is 
appli d to the liquid crystal. 

With this arrangement, when a voltage is not 
applied to the liquid crystal, the incident polarized light 5 
is propagated in the liquid crystal in a double refrac- 
tion mode with a first birefringence value and the 
emerging polarized light is substantially transmitted 
by the second polarizer means, to thereby make a 
white spot on a screen located beyond the second io 
polarizer means. In this case, the irradiation of the 
light transmitted by the second polarizer means is 
greatest if the plane of vibration of the emerging 
polarized light is rotated by almost 90 degrees relative 
to the plane of vibration of the incident polarized light. is 
Since a voltage is not applied to the liquid crystal, 
there is no fluctuation in the state of the liquid crystal 
and it is possible to establish a stable and bright dis- 
play. Then, when a voltage is applied to the liquid 
crystal, the liquid crystal rises, and thus the birefring- 20 
ence becomes smaller. Accordingly, the incident 
polarized light is propagated in the liquid crystal in a 
double refraction mode with a second birefringence 
value smaller than the first birefringence value, and 
the emerging polarized light Is not substantially trans- 25 
mitted by the second polarizer means, to thereby 
cause a bfack spot on the screen located beyond the 
second polarizer means. In this case, the voltage is 
applied such that the liquid crystal rises as much as 
possible, so that the plane of vibration of the emerging 30 
polarized light is not substantially rotated while the 
plane of vibration of the emerging polarized light is 
rotated by almost 90 degrees in the former circumst- 
ance, and an irradiation of the light transmitted by the 
second polarizer means becomes minimal. In this 35 
way, it Is possible to provide an image with a clear 
contrast. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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The present invention will become more apparent 
from the following description of the preferred embo- 
diments, with reference to the accompanying draw- 
ings, in which: 

Fig. 1 is a schematic view of the preferred embo- 45 
diment of the present invention, showing a state 
when a voltage Is not applied to the liquid crystal; 
Figs. 2A and 2B are views similar to Fig. 1 , show- 
ing a state when a voltage Is applied to the liquid 
crystal; 50 
Fig. 3 is a view illustrating a molecule of the liquid 
crystal and a plane of vibration of the incident 
polarized light; 

Fig. 4 Is a view showing a relationship between 

the wavelength and the birefringence; 55 

Fig. 5 is a view of the projection type television to 

which the present Invention is applied; 

Fig. 6 is a view of the beam splitter and the liquid 



crystal pan I of Fig. 5, showing the stat when a 
voltage Is not appli d; 

Fig. 7 Is also a view of th beam splitter and the 
liquid crystal panel, showing a state wh n a volt- 
age is applied; 

Fig. 8 Is a view of picture electrodes of Fig, 9; 
Fig. 9 Is a cross-sectional view of the liquid crystal 
panel of the present invention; 
Fig. 10 is a view of a spectrum of the source of 

light; 

Fig. 11 is a view illustrating a transmittance of 
light having a central wavelength of 550 nm; 
Fig . 1 2 is a view of the contrast when a cholesteric 
material Is added to the nematic material; 
Fig. 13 Is a view of a set of three liquid crystal 
apparatuses used in a colored display; 
Fig. 14 is a view of a spectrum of light separated 
into colored regions; 

Fig. 1 5 is a view of a transmittance of the light hav- 
ing the respective central wavelength; 
Fig. 16 is a view of the available inradiation 
according to the arrangement of Fig. 18; 
Fig. 17 is a view of the available inradiation 
according to the present Invention; and 
Fig. 18 is a view illustrating the prior art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Figure 5 shows a projection type high-definition 
television, as an example of an application of the pre- 
sent invention, which has an outer casing 10. The 
outer casing 1 0 accommodates a reflection type liquid 
crystal apparatus 12, a source of light 14, a projection 
lens means 16, and reflection mirrors 18 and 20. Also, 
a screen 22 is mounted at the front of the television, 
and an Image is formed thereon as spots of light by 
the reflection type liquid crystal apparatus 12, which 
Is expanded by the projection lens means 16, and 
focused on the screen 22 via the reflection mirrors 18 
and 20. 

Figures 6 and 7 schematically show the reflection 
type liquid crystal apparatus 12 of Fig, 5. The projec- 
tion lens means 16 is typically shown by the single 
convex lens but it will be apparent that the projection 
lens means 16 can comprise any combination of len- 
ses. The reflection type liquid crystal apparatus 12 
comprises a beam splitter 24 and a liquid crystal panel 
26 having a reflecting layer 28. 

In the embodiment, the beam splitter 24 serves 
commonly as a first polarizer which produces a 
polarized light from the light of the source 14 to supply 
It to the liquid crystal panel 26, and as a second 
polarizer which selectively transmits the polarized 
light emerging from the liquid crystal panel 26 toward 
the projection lens m ans 16. To this end, the beam 
splitter 24 has a semi-transmitting-refl cting mem- 
brane 24a located betw en the inclined surfaces of 
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two prisms. The source of light supplies a light to the 
beam splitter 24 in a direction in parallel to the outer 
surfac of the liquid crystal panel 26, and thus a 
polarized light S of the light from the source 1 4 having 
a plane of vibration in parallel to the incident plane to 
the beam splitter 24 Is reflected by the semi-transmit- 
ting-reflectlng membrane 24a, and another polarized 
light P having a plane of vibration normal to the inci- 
dent plane is transmitted through the semi-transmit- 
ting-reflecting membrane 24a. In this way, the beam 
splitter 24 serves as a first polarizer. 

The polarized light S incident on the liquid crystal 
panel 26 is reflected by the reflecting layer 28 and 
emerges again from the liquid crystal panel 26. The 
plane of vibration of the initially incident polarized light 
S is controlled by the double refraction action while it 
is propagated in the liquid crystal layer of the liquid 
crystal panel 26, and depending on the control 
modes, either the polarized light S having the same 
plane of vibration as that of the incident polarized light 
S, or the polarized light P having a different plane of 
vibration from that of the incident polarized light S, 
emerges from the liquid crystal panel 26. The emerg- 
ing polarized light S having the same plane of vib- 
ration as that of the incident polarized light S is 
reflected by the semi-transmitting-reflecting mem- 
brane 24a of the beam splitter 24 and does not reach 
the projection lens means 16 (Fig. 7), and the emerg- 
ing polarized light P having a different plane of vib- 
ration from that of the incident polarized light S is 
transmitted by the semi-transmitting-reflecting mem- 
brane 24a of the beam splitter 24 and reaches the pro- 
jection lens means 16 (Fig. 6). In this way, the beam 
splitter 24 serves as a second polarizer. 

Referring to Figs. 8 and 9, the liquid crystal panel 
26 comprises an incident-side glass plate 30, a reflec- 
tion-side glass plate 32, a liquid crystal 34 accommo- 
dated therebetween, and a group of electrodes for 
applying a voltage to the liquid crystal 34. The elec- 
trodes comprise a common transparent electrode 36 
formed continuously over the inner surface of the in- 
cident-side glass plate 30. and a plurality of minute 
picture electrodes 38 formed in the inner surface of 
the reflection side glass plate 32, in a predetermined 
pattern and shape. The picture electrodes 38 are 
made from aluminum orgold and also serve as the ref- 
lecting layer 28. The picture electrodes 38 are con- 
nected to an active matrix driver comprising scanning 
lines X, , X2 , X3 , signal lines Yi . Y2 , Y3 , and field 
effect transistors 40 working as switching transistors. 
In Fig. 9, a P-type silicon substrate 42 is attached to 
the reflection-side glass plate 32, and MOSFETs 40 
and other electrodes are formed on this substrate 42 
while covered with appropriate insulating layers. Also, 
a reflection preventing layer 44 is provided on the 
outer surface of the incident-side glass plate 30, to 
prevent a reflection loss of the incident and emerging 
polarized light from the incident-side glass plate 30. 



Each FET 40 comprises a gate provided on th 
silicon substrate 42 via an insulating layer 46a, and a 
source and a drain provided as (n+) layers on either 
side of the gate, with a gate el ctrode 40G, a source 

5 electrode 40S, and a drain electrode 40D attached to 
these elements. The gate electrodes 40G are connec- 
ted to the scanning lines X^ , X2 , X3 of the active mat- 
rix driver, the source electrode 40S is connected to 
the signal lines Yi , Y2 , Y3 . and the drain electrode 

10 40D is connected to the picture electrodes 38. An 
insulating layer 46 is provided between the silicon 
substrate 42 and the electrodes. Further, an insulat- 
ing layer 50 may be provided over the electrodes. 
Furthermore, storage capacitance electrodes 45 

15 are provided as (p+) layers in the silicon substrate 42, 
and cooperating storage capacitance electrodes 48 
are provided as polysilicon layers under the picture 
electrodes 38, with resistance layers 46b therebet- 
ween to thereby form storage capacitances in parallel 

20 to the liquid crystal 34. These electrodes 45 and 48 
are provided in register with the picture electrodes 38, 
and separated from the transistors 40. That is, the pic- 
ture electrodes 38 do not substantially extend beyond 
the margins of the respective electrodes 48 into the 

25 regions of the transistors 40. This design allows the 
picture electrodes 38 to be easily formed with a flat 
surface, to be thus adapted as the reflections layers 
28, since the picture electrodes 38 can be located 
only on the flat electrodes 48. Further, light blocking 

30 layers 37 are provided in the inner surface of the in- 
cident-side glass plate 30, and cover the transistors 
40. 

As shown in Figs. 1 and 9, the liquid crystal 34 
accommodated between the incident-side glass plate 

35 30 and the reflection-side glass plate 32 comprises a 
nematic liquid crystal material having a positive biref- 
ringence and arranged in a homogeneous orientation. 
That is, the birefringence value of the liquid crystal 
based on the anisotropy of the material, An (An = - 

40 nj is positive, and the major axes of molecules of the 
liquid crystal 34 are anranged in parallel to the incident 
and reflection side glass plates 30 and 32, with a con- 
stant director n. The director n is used to define the 
direction of the major axes of molecules of the liquid 

45 crystal. There are many known nematic liquid crystal 
materials which can be used in the present invention, 
and the following materials are listed only as exam- 
ples; p-alkyl-p'-alkoxyazoxybenzene, p-alkylben- 
zylidene-p'-cyanoaniline, phenyl benzoate, and 

50 p-alkyl-p'-cyanobiphenyl. 

One way of controlling the orientation of the liquid 
crystal is to provide orientation layers in the inner sur- 
face of the incident and reflection side glass plates 30 
and 32, resp ctively, and to rub the surfaces of the 

55 orientation layers with an appropriate fabric material, 
in the desired directions. It is known that molecules of 
the liquid crystal will extend or orient in accordance 
with the rubbing direction. The twisted nematic liquid 
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crystal is obtain d by rubbing tlie orientation layer In 
the incident-side glass plate 30 in one direction, and 
the orientation layer in th reflection -side glass plate 
32 in a direction at an angle, for example, 45 degrees, 
relative to the former direction. In contrast, the homo- 5 
geneous oriented liquid crystal is obtained by rubbing 
the orientation layers in the incident and reflection 
side glass plates 30 and 32 in parallel to each other. 

As shown in Fig. 3, the beam splitter 24 and the 
liquid crystal panel 26 are arranged such that the io 
polarized light S initially incident from the beam split- 
ter 24 on the liquid crystal panel 26 has a plane of vib- 
ration E forming a predetermined angle 0 relative to 
the director n of the liquid crystal 34. This angle 9 
causes the polarized light S to be propagated in the is 
liquid crystal 34 in a double refraction mode in the 
shape of separated ordinary light no and extraordinary 
light nc- Preferably, the angle 9 is 45 degrees. 

With this arrangement, when a voltage is not 
applied to the liquid crystal between the transparent 20 
electrode 36 and a selected one of the picture elec- 
trodes 38, the molecules of the liquid crystal 34 are 
oriented in parallel to the incident and reflection side 
glass plates 30 and 32, as shown in Fig. 1. Accord- 
ingly, the incident polarized light S is propagated in 25 
the liquid crystal 34 in a double refraction mode with 
a first birefringence value, and the plane of vibration 
E of the propagating polarized light rotated in accord- 
ance with the difference of the velocity between the 
ordinary light n© and extraordinary light n©. Accord- 30 
ingly, the plane of vibration E of the polarized light ref- 
lected by the reflecting layer 28 and emerging from 
the liquid crystal panel 26 is rotated far from the plane 
of vibration E of the initially incident polarized light S, 
to the plane of vibration Ep , as shown in Fig. 3 which 35 
may be equivalent to the plane of vibration of the 
polarized light P. Thus the emerging polarized light P 
is substantially transmitted by the semi-transmitting- 
reflecting membrane 24a of the beam splitter 24 to the 
projection lens 1 6, to thereby form a bright spot on the 40 
screen 22. 

Then, when a voltage is applied to the liquid crys- 
tal 34, the liquid crystal 34 rises and the major axes 
of the molecules of the liquid crystal 34 form a tilt 
angle a with the plane of the incident and reflection 45 
side glass plates 30 and 32, as shown in Fig. 2A. Usu- 
ally, the tilt angle a has a tendency to have a smaller 
value at a position near the plates 30 and 32 and a 
larger value at a position between the plates 30 and 
32. It is possible to analyze the behavior of the liquid so 
crystal 34 as a whole by using the average value of 
the tilt angle a between the plates 30 and 32, as such 
an average value corresponds to the applied voltage. 
The tilt angle a (and the average value) of the liquid 
crystal 34 becomes larger with an increas of the 55 
applied voltage, with the result that the birefringence 
of th liquid crystal 34 becomes smaller. Accordingly, 
the amount of the rotation of the incident polarized 
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light S in the liquid crystal 34 becomes smaller and the 
merging polarized light is close to the incident 
polarized light S. Therefore, the emerging polarized 
light emerging from the liquid crystal 34 is gradually 
less transmitted by the semi-transmitting-reflecting- 
membrane 24a of the beam splitter 24, and the 
amount of light passing to the projection lens means 
16 is reduced to cause a darkening of the image of the 
picture. When the molecules of the liquid crystal 34 
are fully raised, as shown In Fig. 2B, the spot on the 
screen is black. In this black state, the birefringence 
of the liquid crystal 34 is considered to be substan- 
tially zero, and there is no dependency on the 
wavelength of the light of the source 14, and theref- 
ore, it is possible to obtain a clear contrast between 
the bright state and the black state. 

In addition, the molecules of the liquid crystal 34 
generally maintain the state of Fig. 1 when the applied 
voltage is lower than a threshold voltage and the 
molecules of the liquid crystal 34 begin to rise when 
the applied voltage exceeds the threshold voltage and 
then the tilt angle a becomes larger due to the 
increase of the applied voltage. Therefore, it will be 
appreciated that, in this description and in the appen- 
ded claims, the expressions "when the voltage is not 
applied" and "when the voltage is applied" will be 
understood to be mean that the applied voltage is 
lower or higher than the threshold voltage, respect- 
ively. 

Figure 16 shows the available irradiation of light 
emerging from the beam splitter 24, i.e., the amount 
of light transmitted by the beam splitter 24 to the pro- 
jection lens 16, according to the present invention. 
When the voltage is not applied, i.e., the voltage is 
lower than the threshold voltage Vc , the polarized 
light S is propagated in the liquid crystal 34 In a double 
refraction mode with a first birefringence value, caus- 
ing the plane of vibration E to be rotated by a greater 
extent, and the polarized light emerging from the 
liquid crystal panel 26 is substantially transmitted by 
the semi-transmitting-reflecting membrane 24a of the 
beam splitter 24. Therefore, a considerable amount of 
light (1 00 percent) reaches the screen 22 via the pro- 
jection lens means 16. When the voltage is applied, 
i.e., the voltage is higher than the threshold voltage 
Vc , the polarized light S is propagated in the liquid 
crystal 34 in a double refraction mode with a second 
birefringence value smaller than the first birefringence 
value. In this case, the plane of vibration E is also 
rotated but the amount of the rotation becomes smal- 
ler with an increase of the applied voltage. 

According to the present invention, a higher volt- 
age can be selected (for example, SV^), so that the 
molecules of the liquid crystal 34 ar fully raised, as 
shown in Fig. 2B. In this case, the emerging polarized 
light P is close to the incident polarized light S, in view 
of the plane of vibration E during the propagation in 
the liquid crystal 34, and thus less of the emerging 
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polarized light P as transmitted by th semi-transmit- 
tlng-reflecting-membrane 24a of the beam splitter 24, 
to almost completely shut off the light to the screen 22, 
and therefore, a clear contrast Is obtained. 

Figure 17 shows the available irradiation of light 5 
according to the arrangement of the prior art of Fig. 
18. When the voltage is not applied, the polarized light 
S is propagated in the liquid crystal 2 in the optical 
activity mode to shut off the light to the screen. In this 
case, however, there may be small tilt of a portion of io 
the molecules of the liquid crystal 2 located near the 
plates 3a and 3b, so that a complete optical activity 
cannot be obtained and the polarized light may be 
slightly transmitted by the beam splitter 4, causing a 
slight light leakage on to the screen that must be main- 15 
tained black, and this may reduce the contrast. When 
the voltage is applied, the polarized light S is propa- 
gated in the twisted liquid crystal 34 in a double ref- 
raction mode, and in this case, the available light 
follows a characteristic curve which has a peak at a 20 
particular voltage. Therefore, it Is necessary to select 
a particular voltage to obtain a maximum contrast be- 
tween the bright and the black, as previously des- 
cribed. Also, other problems exist in the prior art. 

Further, the threshold voltage of the nematic 25 
liquid crystal material in a homogeneous orientation is 
based on only a modulus of a spray elasticity , so 
that the characteristic of the transmission versus the 
voltage of the liquid crystal is sharply changed. In the 
liquid crystal panel 26 driven by the active matrix, 30 
there may be a preferable case in which the charac- 
teristic of the transmission versus the voltage of the 
liquid crystal changes more smoothly, to improve the 
color reproduction, in such a case, it is preferable that 
a small amount of a choiesteric liquid crystal material 35 
(CN) is added to the positive nematic liquid crystal 
material, as shown in Fig. 12, to obtain a smooth 
characteristic of the transmission versus the voltage 
of the liquid crystal. 

Further, the above description includes only the 40 
emerging polarized light P or the emerging polarized 
light S, but the actual emerging polarized light 
includes a mixture of the component of the polarized 
light P and the component of the polarized light S; the 
greater the component of the polarized light P, the 45 
greater amount the light transmitted by the beamsplit- 
ter 24 and the brighter the image obtained. In order to 
obtain the brightest image on the screen when a volt- 
age is not applied, it is to preferable to satisfy the rela- 
tionship explained below; wherein d is a thickness of so 
the liquid crystal, X^\sa wavelength of the source of 
light to be used, nec and noc are refractive indices of 
extraordinary light and ordinary light at that 
wavelength, and An^ (Anc = ngc - Hqc) is a birefringence 
value at that wavelength. Also, the birefringence has 55 
a dependency on the wavelength, as shown in Fig. 4, 
and thus it is necessary to consider the wavelength of 
th light of the sourc . 



This is determined by the amount of rotation of th 
plan of vibration E of the polarized I ight S, assuming 
that the polarized light S having th plane of vibration 
E is incident on the liquid crystal 34 with the plane of 
vibration Efonming an angle 8 with thedirector nof the 
liquid crystal 34, and is propagated in the liquid crystal 
34 having a thickness of 2d (forward and return). Gen- 
erally, when the polarized light is propagated in a dou- 
ble refractory material having a thickness of 2d, the 
phase angle ^^ is 

^. 4ndAnc 

^* 

The above relationship when the phase angle is n 
is 

dATTc ^ 

K " 4 

It is known that the amount of the rotation of the 
plane of vibration E of the polarized light S is 20 when 
the phase angle A<|>. If 9 is 45 degrees, 28 is 90 deg- 
rees. Therefore, the plane of vibration E of the incident 
polarized light S is rotated by 90 degrees and 
becomes an equivalent of the polarized light P of the 
light source. 

Therefore, if the above relationship is satisfied, 
the component of the polarized light P comprise the 
most part of the emerging light, which will create the 
brightest image and a good contrast relative to the 
dark spot when the voltage is applied if the brightness 
of the source is constant. The same result will be 
obtained when 29 is 270 degrees. In this case, the 
relationship is 

dAnc _ 3 
A, " 4 

When m is zero or natural, the following general 
relationship is obtained. 

dAnc _ (2m + 1) 
K ~ 4 

It is preferable to select a central wavelength kc 
of the spectrum when the source 14 includes a 
wavelength band comprising a variety of 
wavelengths. For example, Fig. 10 shows a spectrum 
of a metal halide lamp adapted for use as the source 
14 of the present invention, and having a central 
wavelength of 550 nm. Figure 1 1 shows a transmit- 
tance of the beam splitter 24 when the thickness d of 
the liquid crystal 34 is chosen in accordance with the 
following relationship, so that the plane of the vib- 
ration of the incident polarized light S is rotated by 90 
degrees. The transmittance has a peak at the central 
wavelength and decreases gradually on either side of 
the peak, and the rate of the reduction of the transmit- 
tance is relatively small over a wide region of the 
wavelength. Therefore, if the entire transmittance is 
obtained by integrating the curve of Fig. 1 1, a fluctu- 
ation of the entire transmittance will be relatively 
small. 

Figure 13 shows a liquid crystal apparatus used 
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in a color display and comprising a set of three such 
liquid crystal apparatuses 12. Each apparatus 12 
comprises a beam splitter 24, a liquid crystal panel 26 
and a projection I ns 16, similar to the apparatus 12 
of the previous embodiment. Dyechroic mirrors 50. 52 
and 54 are anranged in the optical path from the 
source 14 to the respective beam splitters 24, and 
these dyechroic mirrors 50, 52 and 54 act to separate 
the light of the source 14 into red, green, and blue 
components, as shown in Fig. 14. For example, as 
shown in Fig. 14, the dyechroic mirror 50 reflects the 
red wavelength component within the region of from 
600 to 750 nm (central wavelength 640 nm) to the 
related beam splitter 24, and transmits the remaining 
wavelength component; the next dyechroic mirror 52 
reflects the green wavelength component within the 
region of from 500 to 600 nm (central wavelength 550 
nm) to the related beam splitter 24, and transmits the 
remaining wavelength component; and the last dyec- 
hroic minror 54 reflects the blue wavelength compo- 
nent within the region of from 400 to 500 nm (central 
wavelength 460 nm) to the related beam splitter 24. 

The separated color wavelength component is 
selectively transmitted by the respective beam splitter 
24 and liquid crystal panel 26, and focused at the 
screen via the projection lens. Alternatively, the res- 
pective color wavelength components transmitted by 
the beam splitters 24 are collected at a dyechroic 
prism (not shown) and then projected by the projec- 
tion lens. 

In this arrangement, the thickness of the liquid 
crystal 34 of each of the liquid crystal panels 26 is 
determined on the basis of the central wavelength of 
the respective color wavelength components, as fol- 
lows. 

<^Ar\^ _ dgAngc _ dbAnbc _ (2m + 1) 

^rc 4 

where Xj^ . Xqc and are central wavelengths of the 
respective color regions, An^ (An^ = nrec - Hroc). ^^gc 
(Angc = ngec - ngoc) and An^c (Ante = nbec - Hroc) are biref- 
ringence values of the liquid crystal at the respective 
central wavelength , Xg^ and ?.bc » d, , dg and db are 
thicknesses of the liquid crystal 34 of the respective 
liquid crystal panel 26, and m Is zero and natural num- 
ber. If this relationship is satisfied, the clearest con- 
trast for each color can be obtained. 

Figure 15 shows a transmittance of each of the 
beam splitters 24 when the thickness d of the liquid 
crystal 34 is chosen in accordance with the above. 
The transmittance has a peak at the central 
wavelength of the respective color wavelength reg- 
ions and decreases gradually on either side of the 
peak, and the peak values ar generally th same. 
Therefore, it is possible to clearly reproduce the origi- 
nal color by composing the transmitted color 
wavelength r gions. The reduction of th transmit- 
tance is within 3 percent if the wavelength is offset 
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from the pred termin dc ntral wavelength of the res- 
pective color wavelength regions, and fluctuations 
occurring in a bright condition when the voltage is not 
applied are usually small enough to be ignored. 
5 As will be apparent from the above, a reflection 

type liquid crystal apparatus according to the present 
invention, which can provide an image with a clear 
contrast, has a relatively simple construction. 

10 

Claims 

1 . A reflection type liquid crystal apparatus compris- 
ing: 

15 a liquid crystal panel (26) comprising a pair 

of first and second opposed plates (30, 32) for 
accommodating a liquid crystal (34) therebet- 
ween and having outer and inner surfaces, re- 
spectively, electrode means (36, 38) located in 

20 each of the first and second opposed plates for 

applying a voltage to the liquid crystal, and a ref- 
lecting layer (28) provided in the inner surface of 
the second plate, the first plate being transparent; 
first polarizer means (24) for supplying 

25 polarized light to the outer surface of the first 

plate; and 

second polarizer means (24) for selec- 
tively transmitting polarized light emerging from 
the liquid crystal panel and which is initially inci- - 

30 dent on the liquid crystal panel and is reflected by 

the reflecting layer; 

characterized in that said liquid crystal (34) 
in the liquid crystal panel (26) is composed of a 
nematic liquid crystal material having a positive 

35 birefringence and anranged in a homogeneous 

orientation with a constant director (n); and 

the first polarizer means (24) is arranged 
such that polarized light incident on the liquid 
crystal panel (26) has a plane of vibration (E) 

40 forming a predetermined angle (9) relative to the 

director of the liquid crystal in the liquid crystal 
panel; 

wherein incident polarized light is propa- 
gated in the liquid crystal in a double refraction 

45 mode with a first birefringence value and an 

emerging polarized light thereof Is substantially 
transmitted by the second polarizer means (24) 
when a voltage is not applied to the liquid crystal; 
and incident polarized light is propagated in the 

50 liquid crystal in a double refraction mode with a 

second birefringence value smaller than the first 
birefringence value and an emerging polarized 
light thereof is not substantially transmitted by the 
second polarizer means (24) when a voltage is 

55 applied to the liquid crystal. 

2. A reflection type liquid crystal apparatus accord- 
ing to claim 1, wherein the electrode means of the 
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first plate (30) comprises a common electrod 
(36) formed continuously over the inner surface of 
the first plat . and the electrod means of the s c- 
ond plate (32) comprises a plurality of minute pic- 
ture electrodes (38) formed in the inner surface of 
the second plate in a predetemnined shape, the 
picture electrodes (38) serving as the reflecting 
layer (28). 

3. A reflection type liquid crystal apparatus accord- 
ing to claim 2, wherein an active matrix compris- 
ing switching field effect transistors (40) and 
electric conductors (X, Y) is provided in the inner 
surface of the second plate for electrically con- 
necting picture electrodes (38) to a source. 

4. A reflection type liquid crystal apparatus accord- 
ing to claim 3, wherein further electrodes (46a) 
are provided in the inner surface of the second 
plate under the picture electrodes (38) via a resi- 
stance layer, respectively, for forming storage 
capacitances. 

5. A reflection type liquid crystal apparatus accord- 
ing to claim 4, wherein further electrodes (46a) 
are provided in register with the picture elec- 
trodes (38), and the transistors (40) are located at 
regions separated from regions wherein the pic- 
ture electrodes (38) are located. 

6. A reflection type liquid crystal apparatus accord- 
ing to claim 5, wherein light blocking layers are 
provided over the transistors (40), respectively, 
for blocking light incident on the transistors (40). 

7. A reflection type liquid crystal apparatus accord- 
ing to claim 4, wherein a semiconductor substrate 
is attached to the inner surface of the second 
plate, and the further electrodes (46a), the active 
matrix, and picture electrodes (38) are formed on 
the semiconductor substrate. 

8. A reflection type liquid crystal apparatus accord- 
ing to claim 1, wherein a reflection preventing 
layer is provided on the outer surface of the first 
plate. 

9. A reflection type liquid crystal apparatus accord- 
ing to claim 1, wherein the first and second 
polarizer means are composed of a common 
beam splitter (24) having a semi-transmitting-ref- 
lecting membrane means. 

10. A reflection type liquid crystal apparatus accord- 
ing to claim 9, wherein the beam splitter (24) is 
arranged such thatthe beam splitter(24) receives 
light from the source in a direction in parallel to th 
outer surface of the first plate and splits the light 
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into a polarized light which is reflected by the se- 
mi-transmitting-reflecting membrane means to be 
direct d to the liquid crystal panel and another 
polarized light which is transmitted through the 
semi-transmitting-reflecting membrane means, 
and further, receives polarized light emerging 
from the liquid crystal panel which is initially inci- 
dent on the liquid crystal panel and is reflected by 
the reflecting layer, and reflects the polarized light 
at the semi-transmitting-reflecting membrane 
means if the polarized light has the same plane of 
vibration as that of the initially incident light, and 
transmit said light through the semi-transmitting- 
reflecting membrane means if the polarized light 
has a different plane of vibration from that of the 
initially incident light. 



11. A reflection type liquid crystal apparatus accord- 
ing to claim 1, as used in a monochromatic dis- 
20 play, and wherein the following relationship is 
satisfied 

dAnc ^ (2m + 1) 
K 4 
where >^ is a central wavelength of the source of 
25 light to be used, Anc (Anc = nec - Hqc) is a birefring- 
ence value of the liquid crystal at the central 
wavelength , d is a thickness of the liquid crys- 
tal, and m is zero or natural number. 

30 12. A reflection type liquid crystal apparatus accord- 
ing to claim 1, as used in a color display as a set 
of three such liquid crystal apparatuses each 
according to claim 1, wherein the following rela- 
tionship is satisfied 

^rAHfc _ dgAngc _ dbAnbc _ (2m -h 1) 

^rc ^-gc ^bc ^ 

where the set of three such liquid crystal apparat- 
uses receive separated regions of red, green, and 
blue wavelengths of the light source respectively, 
X-rc . Xgc and Xbc are central wavelengths of the 
respective color regions, APrc (An^ = Hrec - nroc), 

Angc (Angc = ngec - Hgoc) Bnd Abe (Anbc = ^bec - ^boc) 

are birefringence values of the liquid crystal at the 
respective central wavelength X.^ , and , 
dr , dg , and d^ are thicknesses of the liquid crystal 
of the respective liquid crystal panel, and m is 
zero or natural number. 



13. A reflection type liquid crystal apparatus accord- 
ing to claim 1 , wherein a cholesteric material is 
added to the nematic material. 



14. A projection type liquid crystal display comprising 
a reflection type liquid crystal apparatus accord- 
^ ing to daim 1 , wherein a projection lens means is 

an'anged to receive light transmitted through the 
second polarizer means, mirrors, and a screen. 
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